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ABSTRACT 
This  r e p o r t  c o v e r s  t h e  a c t i v i t i e s  o f  t h e  N a t i o n a l  Aeronau t ics  and Space 
A d m i n i s t r a t i o n  (NASA) Technology A p p l i c a t i o n  Team (TATeam) l o c a t e d  a t  t h e  
Research T r i a n g l e  I n s t i t u t e  (RTI) f o r  t h e  p e r i o d  from 15 June 1969 t o  14 
September 1969. A c t i v i t i e s  covered by t h i s  r e p o r t  a r e  those  d i r e c t e d  towards 
t h e  accomplishment o f  Tasks g . l . ( a )  and g . l . ( b ) ,  A r t i c l e  11, Sta tement  o f  Work 
o f  t h e  Schedule o f  NASA C o n t r a c t  No. NASW-1950 and r e l a t e d  t o  t h e  t r a n s f e r  o f  
ae rospace  s c i e n c e  and technology t o  a p p l i c a t i o n s  i n  a i r  p o l l u t i o n  c o n t r o l .  
The work r e p o r t e d  h e r e  was performed by an i n t e r d i s c i p l i n a r y  team i n  t h e  
Engineer ing  and Environmental  Sc iences  D i v i s i o n  (EESD) of  RTI. Th is  p r o j e c t  
i s  under  t h e  g e n e r a l  d i r e c t i o n  o f  J. N .  Brown, J r . ,  Manager, Systems 
Engineer ing  Department,  EESD, and under t h e  t e c h n i c a l  d i r e c t i o n  of J .  J. B.  
Worth, A s s o c i a t e  D i r e c t o r ,  EESD. The major p o r t i o n  o f  t h e  work r e p o r t e d  h e r e  
was performed by L.  F .  B a l l a r d ,  C .  E. Decker and D.  R .  Whitaker.  A 1 1  phases  
o f  t h i s  p r o j e c t  were coord ina ted  w i t h  t h e  Technology U t i l i z a t i o n  D i v i s i o n  o f  
NASA and w i t h  t h e  N a t i o n a l  A i r  P o l l u t i o n  Cont ro l  A d m i n i s t r a t i o n  i n  Washington, 
D .  C . ,  Durham, North C a r o l i n a ,  and C i n c i n n a t i ,  Ohio. 
During t h e  r e p o r t i n g  p e r i o d ,  e v a l u a t i o n s  o f  21 computer s e a r c h e s  o f  
NASA's ae rospace  i n f o r m a t i o n  system were e s s e n t i a l l y  completed.  Also,  30 
responses  t o  problem s t a t e m e n t s  were r e c e i v e d  from s c i e n t i s t s  and e n g i n e e r s  
a t  f i v e  NASA F i e l d  C e n t e r s .  E v a l u a t i o n s  o f  suggested s o l u t i o n s  con ta ined  i n  
t h e  responses  have begun. 
A s  a  r e s u l t  o f  t h e s e  a c t i v i t i e s ,  two t r a n s f e r s  o f  technology have been 
accomplished and two p o t e n t i a l  technology t r a n s f e r s  have been documented. 
A d d i t i o n a l l y ,  i t  i s  expected t h a t  technology t h a t  has  been i d e n t i f i e d  d u r i n g  
t h e  r e p o r t i n g  per iod  w i l l ,  w i t h i n  s i x  months, lead t o  s o l u t i o n s  of approxi-  
mate ly  10 problems p r e s e n t l y  b e i n g  i n v e s t i g a t e d .  
R e s u l t s  o f  e f f o r t s  t o  i d e n t i f y  ae rospace  technology t h a t  can be a p p l i e d  
t o  s o l v e  o r  a i d  i n  t h e  s o l u t i o n  o f  problems i n  a i r  p o l l u t i o n  c o n t r o l  i n d i c a t e  
c l e a r l y  t h a t  t h e  b e s t  approach t o  i d e n t i f y i n g  t h i s  technology i s  through 
d i r e c t  c o n t a c t  w i t h  e n g i n e e r s  and s c i e n t i s t s  a t  NASA F i e l d  Cen te r s .  Thus, the  
e f f o r t s  o f  t h e  RTI TATeam a r e  be ing  d i r e c t e d  towards e s t a b l i s h i n g  improved 
l i n e s  o f  communications between t h e  TATeam and NASA F i e l d  Cen te r s .  
1  . 0  INTRODUCTION 
The Technology U t i L i z a t i o n  D i v i s i o n  o f  t h e  N a t i o n a l  Aeronau t ics  and 
Space Admin is t ra t ion  (NASA) i s  making e x t e n s i v e  and c o n c e n t r a t e d  e f f o r t s  
t o  app ly  t h e  s c i e n t i f i c  and t e c h n o l o g i c a l  knowledge gained i n  t h e  n a t i o n ' s  
ae rospace  programs i n  o r d e r  t o  s o l v e  o r  a i d  i n  t h e  s o l u t i o n  o f  problems i n  
t h e  p u b l i c  s e c t o r .  Many examples of s u c c e s s  i n  t h i s  Technology U t i l i z a t i o n  
program a r e  a l r e a d y  i n  evidence.;': The s t u d y  of t h e  g e n e r a l  p r o c e s s  by which 
technology and s c i e n t i f i c  i n f o r m a t i o n  a r e  t r a n s f e r r e d  a c r o s s  d i s c i p l i n a r y  
and j u r i s d i c t i o n a l  l i n e s  and o t h e r  b a r r i e r s  i s  a  v e r y  impor tan t  p a r t  of 
NASA's Technology U t i l i z a t i o n  program. 
I n  o r d e r  t o  s t u d y  and develop mechanisms f o r  t r a n s f e r r i n g  technology,  
NASA e s t a b l i s h e d  t h r e e  m u l t i d i s c i p l i n a r y  teams i n  1966 t o  i n v e s t i g a t e  t h e  
t r a n s f e r  o f  ae rospace  technology t o  t h e  f i e l d  o f  b iomedica l  r e s e a r c h  and 
medical  p r a c t i c e .  These m u l t i d i s c i p l i n a r y  Biomedical  A p p l i c a t i o n  Teams a r e  
l o c a t e d  a t  t h e  Research T r i a n g l e  I n s t i t u t e ,  Research T r i a n g l e  Park ,  North 
C a r o l i n a ;  t h e  Midwest Research I n s t i t u t e ,  Kansas C i t y ,  Missour i ;  and t h e  
Southwest Research I n s t i t u t e ,  San Antonio ,  Texas. The more impor tan t  
a s p e c t s  of t h e  Biomedical  A p p l i c a t i o n  Team program a r e  ( I )  t h e  i n t e r d i s c i -  
p l i n a r y  c h a r a c t e r  o f  t h e  teams and t h e i r  a b i l i t y  t o  s e l e c t i v e l y  draw upon t h e  
base  o f  e x p e r t i s e  w i t h i n  t h e i r  p a r e n t  i n s t i t u t e s ,  ( 2 )  t h e  person- to-person 
c o n t a c t  t h a t  i s  e s t a b l i s h e d  among i n d i v i d u a l  medical  i n v e s t i g a t o r s  and 
c l i n i c i a n s  a t  major medical  c e n t e r s  and i n d i v i d u a l  s c i e n t i s t s  and e n g i n e e r s  
w i t h i n  NASA and t h e  aerospace i n d u s t r y ,  ( 3 )  t h e  team's c l o s e  c o n t a c t s  w i t h  
NASA'S Regional  Disseminat ion Cente r s  which g i v e  r a p i d  computerized a c c e s s  
t o  t h e  ae rospace  r e l a t e d  i n f o r m a t i o n  b a s e  t h a t  has  been genera ted  i n  t h e  p a s t  
t e n  y e a r s ,  and (4 )  t h e  r a p i d  and e f f e c t i v e  communication among t h e  t h r e e  
Biomedical  A p p l i c a t i o n  Teams concern ing  s p e c i f i c  b iomedica l  problems and 
i t e m s  of technology t h a t  have been t r a n s f e r r e d  t o  a p p l i c a t i o n s  i n  medicine .  
During t h e  p reced ing  t h r e e  y e a r s ,  approximately  750 technology r e l a t e d  
problems and requ i rements  i n  medicine  have been i n v e s t i g a t e d  by t h e  t h r e e  
Biomedical  A p p l i c a t i o n  Teams. Relevant  s c i e n t i f i c  and t e c h n o l o g i c a l  i n f o r -  
mat ion was i d e n t i f i e d  f o r  approximately  one-half  o f  t h e s e  problems. O f  t h e s e  
*"Useful Technology from Space Research,"  Na t iona l  Aeronau t ics  arid Space 
A d m i n i s t r a t i o n ,  U .  S .  Government P r i n t i n g  O f f i c e ,  Washington, D .  C .  20402. 
c a s e s ,  approximately  one-ha l f  have been developed t o  t h e  s t a g e  o f  technology 
t r a n s f e r .  Technology t r a n s f e r  h e r e  i m p l i e s  t h a t  t h e  p o t e n t i a l l y  u s e f u l  
technology i d e n t i f i e d  i n  t h i s  program has  a c t u a l l y  been a p p l i e d  and used by 
an i n d i v i d u a l  b iomedical  r e s e a r c h e r .  
The success  o f  t h e  Biomedical  A p p l i c a t i o n  Team program i n  deve lop ing  a  
workable technology t r a n s f e r  methodology and i n  accomplishing u s e f u l  t r a n s -  
f e r s  o f  ae rospace  technology has led NASA t o  extend t h e  concep t  o f  t h e  
a p p l i c a t i o n  team i n t o  o t h e r  a r e a s  i n  t h e  p u b l i c  s e c t o r ;  e . g . ,  a p p l i c a t i o n  
teams a r e  now involved i n  t r a n s f e r r i n g  technology i n t o  t h e  f i e l d s  o f  a i r  
p o l l u t i o n  c o n t r o l ,  wa te r  p o l l u t i o n  c o n t r o l ,  mine s a f e t y ,  c r i m i n a l i s t i c s ,  and 
t r a n s p o r t a t i o n .  Because o f  t h i s  b roader  b a s e  f o r  technology t r a n s f e r  between 
ae rospace  r e s e a r c h  and development programs and nonaerospace p u b l i c  s e c t o r  
programs,  t h e s e  m u l t i d i s c i p l i n a r y  teams a r e  r e f e r r e d  t o  a s  Technology Appli-  
c a t i o n  Teams (TATeams). NASA h a s  r e c e n t l y  e s t a b l i s h e d  two new TATeams a t  
S t a n f o r d  Research I n s t i t u t e ,  Menlo Park ,  C a l i f o r n i a ,  and I l l i n o i s  I n s t i t u t e  
o f  Technology Research I n s t i t u t e ,  Chicago, I l l i n o i s .  
The o b j e c t i v e s  o f  t h e  TATeams a r e  b o t h  exper imenta l  and o p e r a t i o n a l  i n  
n a t u r e .  The exper imenta l  phase  o f  t h e  program i n v o l v e s  t h e  i n v e s t i g a t i o n  of 
t h e  technology t r a n s f e r  p r o c e s s ;  t h e  o p e r a t i o n a l  phase  i n v o l v e s  t h e  a c t u a l  
t r a n s f e r  of s p e c i f i c  i t e m s  o f  technology t o  s o l v e  problems e x i s t i n g  i n  p u b l i c  
s e c t o r  programs and t o  g e n e r a t e  a  d a t a  base  f o r  f u r t h e r  s t u d y  of t h e  technology 
t r a n s f e r  p r o c e s s  on an exper imenta l  b a s i s .  
The remainder of t h i s  r e p o r t  i s  conf ined t o  r e p o r t i n g  and e v a l u a t i n g  t h e  
a c t i v i t i e s  o f  t h e  RTI TATeam i n  t h e  s p e c i f i c  a r e a  o f  a i r  p o l l u t i o n  c o n t r o l .  
2 . 0  SUMMARY 
I n  a t t e m p t i n g  t o  t r a n s f e r  ae rospace  technology t o  t h e  g e n e r a l  a r e a  o f  
a i r  p o l l u t i o n  c o n t r o l ,  t h e  RTI TATeam h a s  worked d i r e c t l y  w i t h  e n g i n e e r s  and 
s c i e n t i s t s  o f  t h e  N a t i o n a l  A i r  P o l l u t i o n  Cont ro l  A d m i n i s t r a t i o n  (NAPCA). 
When t h e  Technology U t i l i z a t i o n  program i n  a i r  p o l l u t i o n  c o n t r o l  was i n i t i a t e d ,  
t h e  methodology and o b j e c t i v e s  o f  t h e  TATeam program were d i s c u s s e d  i n  d e t a i l  
by r e p r e s e n t a t i v e s  o f  NASA, NAPCA, and RTI. G u i d e l i n e s  f o r  i n t e r a c t i o n  
between t h e  RTI TATeam and i n d i v i d u a l s  a t  NAPCA were c l e a r l y  d e f i n e d  a t  t h a t  
meet ing and have been r e p o r t e d  i n  a  p r e v i o u s  RTI p r o j e c t  r e p o r t . + :  Both t h e  
t e c h n i c a l  and o r g a n i z a t i o n a l  scope o f  t h e  team's a c t i v i t i e s  w i t h  NAPCA a r e  
d i s c u s s e d  i n  d e t a i l  i n  S e c t i o n  3 .0  o f  t h i s  r e p o r t .  
The g e n e r a l  methodology t h a t  has  been employed by t h e  RTL TATeam can be  
subd iv ided  i n t o  f o u r  major phases  o f  a c t i v i t y  a s  d e s c r i b e d  below: 
Problem I d e n t i f i c a t i o n  and S p e c i f i c a t i o n  
I n  meet ing w i t h  NAPCA s c i e n t i s t s  and e n g i n e e r s ,  TATeam members 
a t t e m p t  t o  comprehend n o t  o n l y  s p e c i f i c  problems and r e q u i r e -  
ments b u t  a l s o  how t h e s e  problems a r e  a f f e c t i n g  t h e  p r o g r e s s  
o f  r e s e a r c h  and development i n  a i r  p o l l u t i o n  c o n t r o l .  These 
problems a r e  g e n e r a l l y  r e l a t e d  t o  i n s t r u m e n t a t i o n  f o r  measuring 
s p e c i f i c  p o l l u t a n t s ,  i n s t r u m e n t a t i o n  f o r  de te rmin ing  t h e  
e f f e c t s  o f  v a r i o u s  p o l l u t a n t s ,  and systems f o r  reduc ing  o r  
removing s p e c i f i c  p o l l u t a n t s  from t h e  a i r .  Fol lowing t h e s e  
d i s c u s s i o n s ,  t h e  team p r e p a r e s  problem s t a t e m e n t s  on each 
s p e c i f i c  requ i rement .  These problem s t a t e m e n t s  d e s c r i b e  prob- 
lems i n  a  c o n c i s e  manner u s i n g  f u n c t i o n a l  and n o n d i s c i p l i n a r y  
terminology.  They a l s o  p o i n t  up t h e  s i g n i f i c a n c e  o f  t h e  
problem and t h e  p o s s i b l e  b e n e f i t s  should  a  s o l u t i o n  be found. 
2. I d e n t i f i c a t i o n  of Re levan t  In format ion  o r  Technology 
Two approaches a r e  p r e s e n t l y  used t o  o b t a i n  i n f o r m a t i o n  r e l e v a n t  
t o  s o l v i n g  s p e c i f i c  problems,  The f i r s t  approach u t i l i z e s  a  
J;"Applications of Aerospace Technology Fn A i r  P o l l u t i o n  C o n t r o l , "  NASA Cont rac t  
No NASW-1950, F i n a l  Repor t ,  (June 15,  1968 - June 14, 1969).  
computerized i n f o r m a t i o n  s e a r c h  of NASA's Aerospace I n f o r -  
mation Bank. Th is  i n f o r m a t i o n  bank c o n s i s t s  of approximately  
600,000 documents c o v e r i n g  ae rospace  s c i e n c e  and technology 
world-wide a s  announced i n  t h e  S c i e n t i f i c  and Technica l  Aero- 
space  Reports  (STAR) and t h e  I n t e r n a t i o n a l  Aerospace A b s t r a c t s  
(IAA). Computer i n f o r m a t i o n  s e a r c h e s  a r e  performed c o l l a b o r a -  
t i v e l y  by members o f  t h e  RTI team and a p p l i c a t i o n  e n g i n e e r s  a t  
NASA Regional Disseminat ion Cente r s  such a s  t h e  Sc ience  and 
Technology Research Center  o f  t h e  North Caro l ina  Board o f  
Sc ience  and Technology l o c a t e d  i n  t h e  Research T r i a n g l e  Park ,  
North C a r o l i n a .  For  those  problems f o r  which t h e s e  computer 
s e a r c h e s  do n o t  p r o v i d e  t h e  in format ion  n e c e s s a r y  f o r  s o l u t i o n s ,  
a i r  p o l l u t i o n  problem s t a t e m e n t s  a r e  c i r c u l a t e d  w i t h i n  NASA 
F i e l d  Centers  and i n  s e l e c t e d  i n d u s t r i a l  o r g a n i z a t i o n s  p a r t i c -  
i p a t i n g  i n  t h e  space  program. The purpose  of t h e s e  problem 
s t a t e m e n t s  i s  t o  o b t a i n  a s s i s t a n c e  i n  s o l v i n g  problems from 
those  i n d i v i d u a l  s c i e n t i s t s  and e n g i n e e r s  who may have r e l e v a n t  
e x p e r t i s e ,  e x p e r i e n c e ,  o r  knowledge t o  c o n t r i b u t e .  
3 .  Evalua t ion  of P o t e n t i a l  Ly Appl icab le  I n f o r m a t i o n  o r  Technology 
When p o t e n t i a l l y  a p p l i c a b l e  technology o r  i n f o r m a t i o n  h a s  been 
i d e n t i f i e d ,  b o t h  t h e  TATeam and t h e  NAPCA engineer  o r  s c i e n t i s t  
who o r i g i n a t e d  t h e  problem e v a l u a t e  t h i s  i n f o r m a t i o n  i n  d e t a i  1. 
This  e v a l u a t i o n  i n c l u d e s  b o t h  a  c o n s i d e r a t i o n  of a p p l i c a b i l i t y  
and any r e e n g i n e e r i n g  o r  f u r t h e r  development t h a t  must be  
performed i n  o r d e r  t o  app ly  t h e  a p p l i c a b l e  technology.  
4.  Documentation 
The f i n a l  phase o f  a c t i v i t y  i n v o l v e s  complete and d e t a i l e d  
documentation o f  s p e c i f i c  problems, t h e  technology t h a t  was 
a p p l i e d  and how i t  was a p p l i e d ,  and t h e  p rocedures  used f o r  
o b t a i n i n g  t h e  r e l e v a n t  i n f o r m a t i o n .  
P r i o r  t o  t h e  beg inn ing  of t h e  p r e s e n t  r e p o r t i n g  p e r i o d , ( i . e . ,  June 14 ,  
1969), a l l  of  t h e  a c t i v i t i e s  of t h e  RTI TATeam were devoted t o  problem i d e n t i -  
f i c a t i o n  and s p e c i f t c a t i o n .  Th is  work r e s u l t e d  i n  t h e  i d e n t i f i c a t i o n  and 
s p e c i f i c a t i o n  of 4 1  s p e c i f i c  technology r e l a t e d  problems i n  t h e  a r e a  of a i r  
p o l l u t i o n  c o n t r o l .  These problems were d i s c u s s e d  i n  a  p r e v i o u s  RTI p r o j e c t  
r e p o r t . ; ?  Of t h e  4 1  i d e n t i f i e d  problems, problem s t a t e m e n t s  were prepared 
on 21 which were s e l e c t e d  on t h e  b a s i s  of p r i o r i t y  from NAPCAts s t a n d p o i n t  
and the  p r o b a b i l i t y  o f  s u c c e s s f u l l y  i d e n t i f y i n g  a  s o l u t i o n  i n  ae rospace  
technology.  A d d i t i o n a l l y ,  computer in fo rmat ion  s e a r c h e s  were i n i t i a t e d  i n  
an e f f o r t  t o  i d e n t i f y  in format ion  r e l e v a n t  t o  t h e s e  21 problems. A s  r e p o r t e d  
p r e v i o u s l y ,  t h e s e  21 computer s e a r c h e s  r e s u l t e d  i n  approximately  3500 
c i t a t i o n s . + ;  An i n i t i a l  e v a l u a t i o n  o f  t h e  c i t e d  documents i n d i c a t e d  t h a t  373 
were r e l e v a n t  t o  t h e  21 s p e c i f i c  problems. During the  p reced ing  c o n t r a c t  
q u a r t e r ,  e v a l u a t i o n s  o f  t h e  r e s u l t s  o f  t h e s e  21  computer s e a r c h e s  were made 
b o t h  by t h e  TATeam and by t h e  problem s t a t e m e n t  o r i g i n a t o r s  a t  NAPCA. Two 
technology t r a n s f e r s  have r e s u l t e d  from t h e s e  computer s e a r c h e s .  These 
t r a n s f e r s  and some o b s e r v a t i o n s  concern ing  t h e  g e n e r a l  r e s u l t s  of t h e s e  
computer s e a r c h e s  a r e  d i scussed  i n  S e c t i o n s  4 and 5 ,  r e s p e c t i v e l y .  
Also d u r i n g  t h e  p reced ing  c o n t r a c t  q u a r t e r ,  i n i t i a l  r e sponses  t o  
problem s t a t e m e n t s  c i r c u l a t e d  a t  NASA r e s e a r c h  c e n t e r s  were r e c e i v e d ,  These 
responses  from i n d i v i d u a l  NASA s c i e n t i s t s  and e n g i n e e r s  a r e  d i s c u s s e d  i n  
S e c t i o n  5 .  So f a r ,  r e sponses  from t h e  NASA c e n t e r s  have been v e r y  encouraging;  
a  number of p o t e n t i a l  t r a n s f e r s  o f  technology have been i d e n t i f i e d  and a r e  
p r e s e n t l y  be ing  e v a l u a t e d .  The remaining s e c t i o n s  of t h i s  r e p o r t  c o n t a i n  
i n f o r m a t i o n  on t h e  o p e r a t i o n a l  a s p e c t s  o f  t h e  a c t i v i t i e s  o f  t h e  RTI TATeam 
a p p l i c a b l e  t o  t h e  p reced ing  c o n t r a c t  q u a r t e r .  The f i n a l  s e c t i o n  c o n t a i n s  
recommendations f o r  enhancing t h e  s u c c e s s  of t h e  RTI program t o  t r a n s f e r  
technology t o  problems i n  a i r  p o l l u t i o n  c o n t r o l .  
+:See f o o t n o t e  on page 3 
3 . 0  INTERFACE BETWEEN THE NATIONAL A I R  POLLUTION CONTROL ADMINISTRATION AND 
THE RTI TECHNOLOGY APPLICATION TEAN 
This  s e c t i o n  c o n t a i n s  a  b r i e f  d i s c u s s i o n  o f  t h e  i n t e r f a c e  t h a t  has  been 
e s t a b l i s h e d  between NAPCA and t h e  NASA TATeam a t  RTI, b o t h  i n  terms o f  t h e  
o r g a n i z a t i o n a l  e x t e n t  of t h e  i n t e r f a c e  and t h e  t e c h n i c a l  scope of t h e  i n f o r -  
mation exchange a c r o s s  t h i s  i n t e r f a c e .  
The N a t i o n a l  A i r  P o l l u t i o n  C o n t r o l  Admin is t ra t ion  (NAPCA) i s  composed 
o f  t h r e e  o p e r a t i n g  bureaus  p l u s  s i x  a d m i n i s t r a t i v e  o f f i c e s  r e p o r t i n g  through 
t h e  Deputy Commissioner's O f f i c e  t o  t h e  Commissioner, D r .  John M i t t l e t o n .  
Coord ina t ion  of t h e  a c t i v i t y  of t h e  RTI TATeam w i t h  t h e  o p e r a t i n g  b u r e a u s  
has  been e f f e c t e d  through t h e  O f f i c e  of t h e  A s s i s t a n t  Commissioner f o r  
Sc ience  and Technology, D r .  John Ludwig, and NASA's O f f i c e  o f  Technology 
U t i l i z a t i o n ,  Technology U t i l i z a t i o n  D i v i s i o n ,  M r .  Ronald P h i l i p s ,  D i r e c t o r .  
M r .  R. G .  B i v i n s ,  Technology U t i l i z a t i o n  D i v i s i o n ,  NASA, and M r .  Kay J o n e s ,  
a s s i s t a n t  t o  D r .  John Ludwig, NAPCA, a r e  d i r e c t l y  r e s p o n s i b l e  f o r  c o o r d i n a t i n g  
t h i s  exper imenta l  program i n  technology u t i l i z a t i o n .  
Of t h e  t h r e e  o p e r a t i n g  bureaus  i n  NAPCA, t h e  RTI TATeam i s  working w i t h  
t h e  Bureau o f  C r i t e r i a  and S t a n d a r d s ,  D r .  D e l b e r t  B a r t h ,  C h i e f ,  and t h e  Bureau 
of Engineer ing  and P h y s i c a l  S c i e n c e s ,  M r .  Paul  S p a i t e ,  C h i e f .  No a c t i v i t i e s  
have been i n i t i a t e d  a t  t h i s  t ime w i t h  t h e  Bureau of Abatement and C o n t r o l ,  
M r .  Robert  H a r r i s ,  Chief .  Within t h e  Bureau o f  C r i t e r i a  and S t a n d a r d s ,  t h e  
a c t i v i t i e s  o f  t h e  RTI TATeam have been c o n c e n t r a t e d  i n  t h e  D i v i s i o n  of Hea l th  
E f f e c t s  Research.  Within t h e  Bureau o f  Engineer ing  and P h y s i c a l  S c i e n c e s ,  t h e  
TATeam i n t e r f a c e  ex tends  a c r o s s  a l l  f o u r  d iv i s ions - -Chemis t ry  and Phys ics  
D i v i s i o n ,  Meteorology D i v i s i o n ,  P rocess  Cont ro l  Engineer ing  D i v i s i o n ,  and t h e  
D i v i s i o n  o f  Motor Vehicle  Research and Development. When t h i s  Technology 
U t i l i z a t i o n  program was i n i t i a t e d  e a r l y  i n  1969, i t  was decided j o i n t l y  by 
NAPCA, NASA, and t h e  RTI TATeam t h a t  t h e s e  f i v e  d i v i s i o n s  r e p r e s e n t e d  t h a t  
p a r t  o f  NAPCA having t h e  g r e a t e r  p o t e n t i a l  f o r  app ly ing  ae rospace  developed 
technology.  
Publ ished o b j e c t i v e s  o f  NAPCA r e f l e c t  t h e  i n c r e a s i n g  n a t i o n a l  concern 
about  a i r  p o l l u t i o n  c o n t r o l  problems. NAPCA" program d i r e c t e d  towards 
ach iev ing  t h e s e  o b j e c t i v e s  emphasizes p u b l i c  awareness i n  t h e  fo l lowing  a r e a s :  
1. The r a p i d  development o f  t h e  c a p a b i l i t y  o f  s t a t e  and l o c a l  
governments t o  a s s u r e  wholesome a i r  f o r  t h e  p o p u l a t i o n  i n  
t h e i r  j u r i s d i c t i o n s ,  
2 .  The d e f i n i t i o n  and degree  of r i s k  a s s o c i a t e d  wi th  p o l l u t a n t s  
known t o  cause  e i t h e r  harmful e f f e c t s  on h e a l t h  and economics 
on a  broad geographic  and p o p u l a t i o n  b a s e  o r  ex t remely  
harmful  e f f e c t s  on a  s e l e c t  p o p u l a t i o n ,  and 
3 .  The o p e r a t i o n a l  development o f  c o n t r o l  technology f o r  t y p e s  
o f  s o u r c e s  o r  f o r  s p e c i f i c  p o l l u t a n t s  having major n a t i o n -  
wide impact .  
The a c t i v i t i e s  of t h e  RTI TATeam have been d i r e c t e d  toward technology t r a n s -  
f e r  i n  t h e  l a t t e r  two a r e a s ,  w i t h  major emphasis b e i n g  placed on s u p p o r t  o f  
t h e  NAPCA Research and Development (R & D )  Program. The NAPCA program i s  
planned s o  a s  t o  p r o v i d e  t h e  r e q u i s i t e  b a s e  o f  knowledge f o r  s p e c i f i c ,  
s e n s i t i v e ,  p r e c i s e ,  o r  lower c o s t  i n s t r u m e n t a t i o n  and a n a l y t i c a l  t echn iques  
f o r  a l l  p o l l u t a n t s  o f  major importance.  The R & D p lan  i s  t o  p r o v i d e  t h e  
o p e r a t i o n a l  program w i t h  s t a n d a r d  methods o f  sampling and a n a l y s i s ;  
development o f  advanced s e n s o r s ;  and t h e  c o n t i n u a l  s t u d i e s  of l a b o r a t o r y  
f e a s i b i l i t y  and developmental  s t u d i e s  o f  new f a m i l i e s  of i n s t r u m e n t s .  
Of t h e  4 1  problem a r e a s  i d e n t i f i e d  by t h e  RTI TATeam, 24 a r e  i n  t h e  
a r e a  o f  s e n s o r  development,  12 a r e  i n  s u p p o r t  o f  i n c r e a s i n g  t h e  r e q u i s i t e  
b a s e  o f  knowledge, f o u r  a r e  i n  t h e  a r e a  of s t andard  method of  sampling and 
a n a l y s i s ,  and one i s  i n  t h e  g e n e r a l  a r e a  o f  in fo rmat ion  management. Based 
upon t h e s e  numbers and NAPCA's s t a t e d  o b j e c t i v e s  and p l a n s  f o r  a c h i e v i n g  
t h e s e  o b j e c t i v e s ,  i t  i s  c l e a r  t h a t  NAPCA h a s  taken a  ve ry  r e s p o n s i b l e  and 
s e r i o u s  approach t o  t h i s  exper imental  technology t r a n s f e r  p r o j e c t .  The 
t e c h n o l o g i c a l  problems under i n v e s t i g a t i o n  by t h e  RTI TATeam a r e  o f  n a t i o n a l  
s i g n i f i c a n c e  i n  t h e  a r e a  o f  a i r  p o l l u t i o n  c o n t r o l .  
4 . 0  PROBLEM STATUS 
During t h e  p reced ing  c o n t r a c t  q u a r t e r ,  t h e  RTL TATeam h a s  c o n c e n t r a t e d  
i t s  e f f o r t s  on t h e  e v a l u a t i o n  o f  computer r e s e a r c h  r e s u l t s  and on t h e  i n i t i a l  
e v a l u a t i o n  o f  responses  from NASA Research C e n t e r s  t o  s p e c i f i c  problem s t a t e -  
ments.  A s  a  r e s u l t  of  t h e s e  a c t i v i t i e s ,  t h e  team h a s  accomplished two 
t r a n s f e r s  o f  technology and h a s  i d e n t i f i e d  two p o t e n t i a l  technology t r a n s f e r s  
p l u s  n i n e  a d d i t i o n a l  i t ems  o f  technology which should become p o t e n t i a l  o r  
completed t r a n s f e r s  d u r i n g  t h e  n e x t  q u a r t e r .  
I n  g e n e r a l ,  t h e  response  from NASA F i e l d  C e n t e r s  t o  problem s t a t e m e n t s  
h a s  been v e r y  good. To d a t e  we have rece ived  28 responses  t o  s p e c i f i c  
problem s t a t e m e n t s .  Our e v a l u a t i o n s  o f  t h e  r e s u l t s  o f  computer i n f o r m a t i o n  
s e a r c h e s  on t h e  o t h e r  hand have i n d i c a t e d  t h a t  t h e  s e a r c h e s  a r e  n o t  s u f f i -  
c i e n t l y  up t o  d a t e  concerning NASA R & D programs t o  a l low t h e  team t o  
i d e n t i f y  NASA technology t h a t  can be a p p l i e d  i n  a i r  p o l l u t i o n  c o n t r o l  t o  t h e  
e x t e n t  t h a t  should be  p o s s i b l e .  
Of t h e  4 1  a c t i v e  problems b e i n g  i n v e s t i g a t e d  by t h e  RTI TATeam, 21  
r e c e i v e d  t h e  team's  concen t ra ted  e f f o r t  d u r i n g  t h e  p reced ing  q u a r t e r .  The 
s t a t u s  of t h e s e  21 problems i s  d i s c u s s e d  i n  t h e  fo l lowing  paragraphs .  These 
d i s c u s s i o n s  i n c l u d e  t h e  r e s u l t s  o f  computer s e a r c h i n g  a s  w e l l  a s  b r i e f  
d e s c r i p t i o n s  of s p e c i f i c  r e s p o n s e s  from NASA Research Cente r s  t o  problem 
s t a t e m e n t s  c i r c u l a t e d .  A complete l i s t  of the  a c t i v e  problems be ing  i n v e s t i -  
gated by t h e  TATeam i s  a t t a c h e d  a s  Appendix A .  
RTI/AP-1, "Automobile D r i v e r s  Performance Tes t s"  
D r .  C a r l  M. Shy, D i v i s i o n  of Hea l th  E f f e c t s  Research 
Team Member - F. T. Wooten 
Computer s e a r c h  No. 1686 y i e l d e d  140 c i t a t i o n s .  Although D r .  Shy h a s  
n o t  completed h i s  e v a l u a t i o n  o f  t h e s e  s e a r c h  r e s u l t s ,  he has o rdered  a  t o t a  1 
of  22 documents c i t e d  i n  t h e  s e a r c h  b i b l i o g r a p h y .  
A p o t e n t i a l  s o l u t i o n  t o  t h i s  problem h a s  been i d e n t i f i e d  by a  r e s p o n s e  
t o  t h e  problem s t a t e m e n t  from M r .  Grady Moroman and D r .  James Scow o f  NASA's 
Langley Research C e n t e r .  Th i s  response  was r e c e i v e d  b o t h  by d i r e c t  c o n t a c t  
from D r .  Scow and through M r .  John Samos, Technology U t i l i z a t i o n  O f f i c e r ,  
Langley Research Cente r .  A p o t e n t i a l  t echnology  t r a n s f e r  r e p o r t  i s  inc luded  
i n  Appendix B.  
The p o t e n t i a l  s o l u t i o n  t o  t h i s  problem i n v o l v e s  t h e  a p p l i c a t i o n  o f  a  
c o o r d i n a t i o n  t e s t e r  developed by NASA f o r  performance t e s t i n g  of a s t r o n a u t s .  
T h i s  s p e c i f i c  c o o r d i n a t i o n  t e s t e r  has  been used by t h e  U.S. Navy f o r  t e s t i n g  
performance o f  submarine p e r s o n n e l .  D r .  Scow f e e l s  t h a t  t h i s  t e s t i n g  equip-  
ment s a t i s f i e s  a l l  NAPCA's requ i rements  a s  s p e c i f i e d  i n  t h e  problem s t a t e m e n t .  
The s i g n i f i c a n t  d a t a  b a s e  on p e r s o n n e l  performance t h a t  h a s  been g e n e r a t e d  
through t h e  use  o f  t h i s  c o o r d i n a t i o n  t e s t e r  should  b e  of s i g n i f i c a n t  a d d i t i o n a l  
va l u e  t o  NAPCA, 
A t  t h e  p r e s e n t  t ime t h e  RTI TATeam p l a n s  t o  v i s i t  Langley w i t h  i n v e s t i -  
g a t o r s  from NAPCA t o  d i s c u s s  and f u r t h e r  e v a l u a t e  t h e  proposed u s e  o f  NASA's 
c o o r d i n a t i o n  t e s t e r  f o r  performance t e s t i n g  o f  automobi le  d r i v e r s .  D r .  Scow 
h a s  i n d i c a t e d  t h a t  Langley Research Cente r  w i l l  c o n s i d e r  Lending t h e  equip- 
ment t o  NAPCA f o r  f u r t h e r  e v a l u a t i o n .  
RTI /AP-2, "Remote Temperature Sensing Technique f o r  t h e  Lower Two Kilometers  
o f  t h e  Atmosphere" 
Mr. Char les  R.  Hos le r ,  D i v i s i o n  o f  Meteorology 
Team Member -. J. J .  B.  Worth 
No a p p l i c a b l e  i n f o r m a t i o n  h a s  been i d e n t i f i e d  through computer s e a r c h i n g .  
I t  was r e c e n t l y  l ea rned  t h a t  NAPCA i s  t e s t i n g  a  new techn ique  f o r  a tmospher ic  
t empera tu re  s e n s i n g .  The t echn ique  i s  a t  p r e s e n t  p r o p r i e t a r y  and no i n f o r -  
ma t i o n  i s  a v a i l a b l e  e x c e p t  t h a t  i t  u t f  l i z e s  molecu la r  a b s o r p t i o n  and emiss ion 
o f  o p t i c a l  energy.  I f  f u r t h e r  e v a l u a t i o n  i n d i c a t e s  t h a t  t h i s  i n s t r u m e n t  
s ~ t i s f i e s  NAPCAfs r e q u i r e m e n t s ,  i t  i s  l i k e l y  t h a t  t h e  i n s t r u m e n t  w i l l  b e  made 
commercial ly a v a i l a b  l e  and t h e  problem w i  11 be so lved  . 
RTI/AP-5, "Long-Term Geophysics 1 E f f e c t s  o f  P a r t i c u l a t e s  i n  t h e  0 . 2  t o  
0 . 5  Micron S i z e  Range'' 
M r .  Char les  R .  H o s l e r ,  D i v i s i o n  o f  Meteorology 
Team Member - J. J. B .  Worth 
A t  p r e s e n t ,  M r .  Hos le r  h a s  n o t  completed an e v a l u a t i o n  of  computer s e a r c h  
No. 1718. Two r e s p o n s e s  t o  problem s t a t e m e n t  AP-5 have been r e c e i v e d  th rough  
M r .  Har r i son  A l l e n ,  Technology U t i l i z a t i o n  O f f i c e r ,  Langley Research C e n t e r .  
M r .  B i l l  Gordon h a s  sugges ted  t h a t  technology f o r  measur ing r a d i a t i o n  e m i t t e d  
by molecules  and l i g h t  s c a t t e r e d  f rom p a r t i c u l a t e  m a t t e r  may be a p p l i c a b l e  i n  
i n v e s t i g a t i n g  t h e  long- term g e o p h y s i c a l  e f f e c t s  o f  p a r t i c u l a t e s .  M r .  H. B .  
P r o b s t  has  sugges ted  t h a t  t echn iques  used i n  t h e  j o i n t  NASA/Air Force  p r o j e c t  
"Venus F l y  Trap" t o  c o l l e c t  m i c r o m e t e o r i t e s  should  b e  u s e f u l .  Both sug- 
g e s t i o n s  a r e  b e i n g  fol lowed up a t  t h e  p r e s e n t  t ime and t h e i r  g e n e r a l  
s i g n i f i c a n c e  t o  t h i s  problem i s  b e i n g  d i s c u s s e d  w i t h  NAPCA p e r s o n n e l ,  
RTI/AP-21, "Development of  Advanced P o l l u t a n t  Sensor  f o r  Ozone" 
M r .  Robert  K .  S t e v e n s ,  D i v i s i o n  of  P r o c e s s  C o n t r o l  
E n g i n e e r i n g  
Team Member - D r ,  L ,  F .  B a l l a r d  
A r e p o r t  c i t e d  i n  the  s e a r c h  b i b l i o g r a p h y  which compares a  Brewer-Mast, 
a  Regener,  and a  c o u l o m e t r i e  i n s t r u m e n t  f o r  measur ing ozone h a s  been used by 
NAPCA r e s e a r c h e r s  i n  an ongoing progrsm t o  deve lop  new i n s t r u m e n t a t i o n  f o r  
ozone measurements.  Th i s  t r a n s f e r  i s  documented i n  Appendix B .  
RTI/AP-26, "Development of  Advanced P o l l u t a n t  S e n s o r s  f o r  T o t a l  
Hydrocarbons" 
M r .  Andrew E .  OPKeefe ,  D i v i s i o n  o f  Chemist ry  and Phys ics  
Team Member .- D r .  L,  F .  Brsllard 
Three  r e s p o n s e s  t o  t h i s  probiem staterrient have been ob ta ined  t o  d a t e .  
M r ,  R .  J .  Schvinehamer of  NASA" Marsha l l  Space F l i g h t  Cen te r  has  sugges ted  
t h a t  a l t h o u g h  flame i o n i z a t i o n  d e t e c t o r s  do n o t  f u l f i l l  NAPCAis srgquisements 
f o r  m o n i ~ o r i n g  t o t a l  hydrocarbons ,  the  c r o s s  s e c t i o n  i o n i z a t i o n  d e t e c t o r  
approach may be s a t i s f a c t o r y  s i n c e  i t  does n o t  r e q u i r e  a flame and i t  h a s  a  
v e r y  h igh  s e n s i t i v i t y .  'Mr. J. T,  Powel l ,  a l s o  o f  NASA's Marshal l  Space F l i g h t  
C e n t e r ,  h a s  suggested t h a t  t h e  t h i n - f i l m  t e c h n i q u e s  developed f o r  hydrogen gas  
d e t e c t i o n  f o r  NASA can be adapted t o  hydrocarbon gas  d e t e c t i o n .  T h i s  develop- 
ment work was c a r r i e d  o u t  by t h e  General  E l e c t r i c  Company f o r  NASA. He 
f u r t h e r  i n d i c a t e s  t h a t  t h e  t h i n - f i l m  technique w i l l  have t o  b e  e v a l u a t e d  t o  
de te rmine  whether t h e  s e n s i t i v i t y  and accuracy requ i rements  of NAPCA can b e  
met.  M r .  Benjamin H. Beam of NASA's Ames Research  Center  has  sugges ted  t h a t  
t o t a l  hydrocarbons can be monitored u s i n g  l a s e r  technology.  He h a s  s e n t  two 
p a p e r s  on t h e  d e t e c t i o n  of hydrocarbons u s i n g  HeNe l a s e r  t o  t h e  RTI team, 
which i s  p r e s e n t l y  s t u d y i n g  them. A l l  t h r e e  r e s p o n s e s  t o  t h i s  problem s t a t e -  
ment a r e  p r e s e n t l y  b e i n g  eva lua ted  b o t h  by t h e  RTI TATeam and by NAPCA 
e n g i n e e r s .  
RTI/AP-28, "Improvement i n  Adsorpt ion and Absorpt ion Techniques f o r  
Removing P o l l u t a n t s  from C a r r i e r  Gas Streams" 
M r .  Joshua S.  Bowen, D i v i s i o n  o f  Process  Cont ro l  Engineer ing  
Team Member - D r .  L .  F .  B a l l a r d  
Of t h e  57 c i t a t i o n s  i n  computer s e a r c h  b i b l i o g r a p h y  No. 1707, 10 were 
r e q u e s t e d  by t h e  NAPCA i n v e s t i g a t o r .  One of t h e s e  documents con ta ined  i n f o r -  
mat ion t h a t  h a s  been o f  v a l u e  t o  e n g i n e e r s  o f  t h e  D i v i s i o n  o f  Process  Cont ro l  
Engineer ing ;  t h i s  i s  r e p o r t e d  a s  a t r a n s f e r  and i s  documented i n  Appendix B. 
RTI/AP-29, " Ins t rumenta t ion  f o r  t h e  I n v e s t i g a t i o n  o f  Flame Chemistry" 
M r .  John H. Wasser, J r . ,  D i v i s i o n  o f  Process  Cont ro l  
Engineer ing  
Team Member - D r .  L .  P .  B a l l a r d  
No d i r e c t l y  a p p l i c a b l e  in format ion  h a s  been i d e n t i f i e d  i n  computer s e a r c h  
b i b l i o g r a p h y  No. 1712. E v a l u a t i o n  o f  t h i s  b i b l i o g r a p h y  i s ,  however, incom- 
p l e t e  a t  t h e  p r e s e n t  t ime.  N o  p o t e n t i a l l y  a p p l i c a b l e  technology has  been 
sugges ted  i n  response  t o  c i r c ~ a l a t i o n  o f t h e  problem s t a t e m e n t ,  
RTI/AP-LO, 11, 22,  25,  26 ,  27 and 41 ,  "Development o f  Advanced P o l l u t a n t  
Sensors  f o r  Methane, SO2, F l u o r i d e s ,  C02, Hydrocarbons, CO, and 
Oxides o f  ~ i t r o g e n "  
M r .  Andrew E. 0 'Keefe  and M r .  Robert  K. S t e v e n s ,  D i v i s i o n  of 
Chemistry and Phys ics  
Team Member - Mr. C .  E. Decker 
These p a r t i c u l a r  problems a r e  be ing  d i s c u s s e d  t o g e t h e r  because  the  
responses  t o  problem s t a t e m e n t s  from NASA F i e l d  C e n t e r s  have been r e l a t e d  t o  
a l l  seven requ i rements .  M r .  Rober t  Naumann and D r .  Tom Edwards o f  NASA'S 
Marsha l l  Space F l i g h t  Cen te r  have been involved i n  t h e  development o f  mass 
s p e c t r o m e t e r  t echn iques  and i n s t r u m e n t a t i o n  f o r  s p a c e c r a f t  contaminat ion 
a n a l y s e s .  Techniques f o r  r e a l  t ime  g a s  a n a l y s i s  u s i n g  s m a l l  d i g i t a l  computers 
have been developed.  They have sugges ted  t h a t  a complete  s e l f - c o n t a i n e d  sys tem 
t h a t  can sample and per fo rm q u a n t i t a t i v e  a s  w e l l  a s  q u a l i t a t i v e  a n a l y s e s  on a 
r e a l  t ime b a s i s  i s  f e a s i b l e  a s  a r e s u l t  o f  NASA'S R & D programs. These 
sys tems  could be made t o  o p e r a t e  i n  a remote l o c a t i o n  i n  an  automated mode o r ,  
by a d a p t i o n ,  i n  an a i r c r a f t .  M r .  Russe l  Oluss o f  NASA'S Kennedy Space 
C e n t e r ,  who i s  invo lved  i n  moni to r ing  hazardous g a s e s  i n  s p a c e c r a f t ,  has  
sugges ted  t h e  u s e  o f  a modified o f f - t h e - s h e l f  s p e c t r o m e t e r  a s  a s o l u t i o n  t o  
t h e  s u b j e c t  problems. M r .  Oluss s t a t e d  t h a t  a t  t h e  Kennedy Space Center  g a s e s  
a r e  sampled through a one-quar te r  i n c h  d iamete r  s t a i n l e s s  s t e e l  tub ing  and 
b rought  from t h e  t o p  o f  a launch v e h i c l e  t o  i t s  b a s e  where g a s  moni to r ing  
i n s t r u m e n t a t i o n  i s  l o c a t e d .  The g a s e s  a r e  d e t e c t e d  a u t o m a t i c a l l y  and q u a n t i -  
t a t i v e  i n f o r m a t i o n  t e lemete red  t o  a s i t e  approximately  t h r e e  m i l e s  from t h e  
launch v e h i c l e .  I t  was f e l t  t h a t  t echn iques  employed i n  t h i s  moni to r ing  
sys tem would b e  u s e f u l  i n  n ioni tor ing g a s e s  i n  s t a c k s .  NAPCA e n g i n e e r s  con- 
cerned w i t h  s t a c k  moni to r ing  a r e  b e i n g  i d e n t i f i e d  f o r  d i s c u s s i n g  t h e s e  
t echn iques .  
The RTI TATeam i s  working c l o s e l y  w i t h  NASA e n g i n e e r s  a t  Marsha l l  Space 
F l i g h t  Center  and Kennedy Space Cente r  i n  f u r t h e r  e v a l u a t i o n  o f  t h e  mass 
spec t romete r  and automated a n a l y s i s  t echn iques  a s  a p o s s i b l e  s o l u t i o n  t o  
NAPcA's gas  moni to r ing  requ i rements .  The team p l a n s  t o  v i s i t  Marsha l l  Space 
F l i g h t  Center  w i t h  NAPCA e n g i n e e r s  i n  t h e  n e a r  f u t u r e .  
RTI/AP-35, "Heat T r a n s f e r  t o  Small  Gasborne P a r t i c l e s "  
M r .  John H. Wasser, Jr. , D i v i s i o n  o f  Process  Control  
Engineer ing  
Team Member - D r .  L. F.  B a l l a r d  
M r .  Chester  D .  Lanzo of NASA's Lewis Research Center  has  responded t o  
t h i s  problem s t a t e m e n t .  H i s  s u g g e s t i o n  was r e l a t e d  t o  a  p a r t i c u l a t e  i n j e c t i o n  
sys tem t h a t  he h a s  used and which appears  t o  be a p p l i c a b l e  t o  t h e  exper imenta l  
program a t  NAPCA. A c t u a l l y ,  two d i f f e r e n t  i n j e c t i o n  systems have been used 
by M r .  Lanzo. One of t h e s e  employs a  g l a s s  annu lus  which a l lows  t h e  p a r t i c -  
u l a t e - l a d e n  gas  under s t u d y  t o  be  a c c e l e r a t e d  t o  Mach 1 c o n d i t i o n s .  The 
shock  wave a t  t h e  annulus  i s  e f f e c t i v e  i n  deg lomera t ing  t h e  submicron 
p a r t i c l e s  i n  t h e  g a s .  The t echn iques  suggested by M r .  Lanzo a r e  p r e s e n t l y  be ing  
e v a l u a t e d  by NAPCA e n g i n e e r s .  
I n  d i s c u s s i o n s  w i t h  M r .  Lanzo, t echn iques  f o r  de te rmin ing  t h e  s i z e  d i s -  
t r i b u t i o n s  o f  submicron p a r t i c l e s  were c o n s i d e r e d ,  These t echn iques  involved 
b o t h  o p t i c a l  and n i t r o g e n  a b s o r p t i o n  approaches .  The t echn iques  a l s o  appear  
t o  be  d i r e c t l y  a p p l i c a b l e  t o  problem RTI/AP-38, "Measuring Techniques f o r  
Ai rborne  P a r t i c u l a t e s .  " T h i s  in format ion  i s  a l s o  b e i n g  e v a l u a t e d .  
RTI/AP-38, "Measuring Techniques f o r  Airborne P a r t i c u l a t e s "  
M r .  James A .  Dorsey,  D i v i s i o n  o f  Process  Cont ro l  Engineer ing  
Team Member - D r .  E. F .  B a l l a r d  
The i n f o r m a t i o n  r e c e i v e d  from M r .  Lanzo a t  Lewis Research Center  and 
mentioned i n  t h e  p reced ing  problem s t a t u s  d i s c u s s i o n  i s  b e i n g  e v a l u a t e d  by 
M r .  Dorsey. 
A d d i t i o n a l l y ,  i n f o r m a t i o n  s e a r c h  No. 1746 has  r e s u l t e d  i n  s e v e r a l  i t e m s  
o f  i n f o r m a t i o n  on i n s t r u m e n t s  and t echn iques  r e l e v a n t  t o  t h i s  problem. One 
document i n  p a r t i c u l a r  on t h e  measurement of p a r t i c l e  d i a m e t e r s  appears  t o  b e  
d i r e c t l y  r e l e v a n t  t o  Mr. Dorsey ' s  exper imenta l  program and i s  r e p o r t e d  a s  a  
p o t e n t i a l  t r a n s f e r  i n  Appendix B .  
5 . 0  CONCLUSIONS AND REZOmNDATIONS 
During t h e  p reced ing  c o n t r a c t  q u a r t e r ,  t h e  a c t i v i t i e s  o f  t h e  RTI TATeam 
i n  t h e  a r e a  o f  a i r  p o l l u t i o n  c o n t r o l  have been d i r e c t e d  p r i m a r i l y  towards 
e v a l u a t i n g  computer i n f o r m a t i o n  s e a r c h e s  r e l a t e d  t o  21  problems.  These 
e v a l u a t i o n s  a r e  e s s e n t i a l l y  complete .  A s  a  d i r e c t  r e s u l t  o f  t h e s e  computer 
s e a r c h e s ,  two technology t r a n s f e r s  have been accomplished and one p o t e n t i a l  
technology t r a n s f e r  has  been i d e n t i f i e d .  
During August 1969, problem s t a t e m e n t s  on 21 a c t i v e  problems were c i r c u -  
l a t e d  through NASA Research Cente r s .  The purpose  of t h i s  c i r c u l a t i o n  was t o  
s o l i c i t  a s s i s t a n c e  from i n d i v i d u a l  NASA s c i e n t i s t s  and e n g i n e e r s  i n  i d e n t i f y i n g  
technology t h a t  might p r o v i d e  p o s s i b l e  s o l u t i o n s  t o  t h e  problems and r e q u i r e -  
ments s p e c i f i e d  i n  t h e  problem s t a t e m e n t s ,  To d a t e  approximately  30  responses  
r e l a t e d  t o  s p e c i f i c  problems have been rece ived  from f i v e  NASA F i e l d  Centers--  
Langley Research C e n t e r ,  Lewis Research Cente r ,  Marsha l l  Space F l i g h t  Cen te r ,  
Ames Research C e n t e r ,  and Kennedy Space Cente r .  The i n i t i a l  e v a l u a t i o n s  o f  
t h e s e  responses  i n d i c a t e  t h a t  approximately  LO may r e s u l t  i n  t r a n s f e r s  of 
ae rospace  technology t o  t h e  f i e l d  o f  a i r  p o l l u t i o n  c o n t r o l .  Most of t h e  
i n f o r m a t i o n  r e c e i v e d  i n  response  t o  t h e  c i r c u l a t i o n  of problem s t a t e m e n t s  i s  
v e r y  r e c e n t  and has  n o t  y e t  been pub l i shed  i n  t h e  open l i t e r a t u r e  o r  i n  NASA 
r e p o r t s .  
Based on t h e  e x p e r i e n c e  o f  t h e  RTI TATeam i n  e v a l u a t i n g  b o t h  t h e  r e s u l t s  
o f  computer s e a r c h e s  and responses  t o  problem s t a t e m e n t  c i r c u l a t i o n ,  i t  i s  
concluded t h a t  a s u c c e s s f u l  Technology U t i l i z a t i o n  program i n  a i r  p o l l u t i o n  
c o n t r o l  must b e  based on a c c e s s  t o  r e c e n t l y  developed ae rospace  technology. 
I n  t h e  f u t u r e ,  t h e  e f f o r t s  o f  t h e  TATeam w i l l  be  d i r e c t e d  towards t h i s  aim. 
Th is  w i l l  be  accomplished i n  t h e  fo l lowing  ways. 
F i r s t ,  t h e  c i r c u l a t i o n  o f  problem s t a t e m e n t s  w i l l  be e f f e c t e d  a s  e a r l y  
i n  t h e  problem i n v e s t i g a t i o n  c y c l e  a s  p o s s i b l e .  The computer in fo rmat ion  
s e a r c h  w i l l  be used t o  in form the  s o l i c i t e d  NASA e n g i n e e r s  and s c i e n t i s t s  of 
t h e  technology a l r e a d y  cons idered  i n  a t t e m p t i n g  t o  s o l v e  t h e  s p e c i f i c  problems. 
The computer s e a r c h  w i l l  a l s o  be  used t o  i n s u r e  t h a t  obvious  s o l u t i o n s  have 
n o t  been over  looked. 
Second, e n g i n e e r s  and s c i e n t i s t s  involved i n  R & D r e l a t e d  t o  s p e c i f i c  
problems and l o c a t e d  a t  NASA F i e l d  C e n t e r s  w i l l  be  c o n t a c t e d  through t h e  
F i e l d  Cen te r  Technology U t i l i z a t i o n  O f f i c e r  even though t h e y  have n o t  
responded t o  o r  may n o t  have seen  t h e  problem s t a t e m e n t .  These c o n t a c t s  
i n i t i a t e d  by t h e  TATeam w i l l  be based on i n f o r m a t i o n  o b t a i n e d  from NASA's 
p r o j e c t  r e p o r t i n g  sys tem and F i e l d  Cen te r  O r g a n i z a t i o n a l  D i r e c t o r i e s  and on 
s u g g e s t i o n s  s o l i c i t e d  from F i e l d  Cen te r  Technology U t i l i z a t i o n  O f f i c e r s  and 
o t h e r  a p p r o p r i a t e  s o u r c e s .  
6 . 0  ACTIVITIES FOR THE NEXT QUARTER 
During t h e  n e x t  c o n t r a c t  q u a r t e r ,  t h e  RTI TATeam w i l l  d i r e c t  i t s  a c t i v -  
i t i e s  toward t h e  fo l lowing  s p e c i f i c  t a s k s :  ( 1 )  Responses t o  problem s t a t e -  
ments from NASA Research Cente r s  w i l l  be  e v a l u a t e d .  More s p e c i f i c a l l y  i t  i s  
expected t h a t  t h i s  e f f o r t  w i l l  be c o n c e n t r a t e d  on e v a l u a t i n g  responses  t o  t h e  
f o l l o w i n g  problem s t a t e m e n t s :  RTI/AP-1, 10,  11, 21,  22,  25,  26,  27 ,  28,  29, 
30 ,  31 ,  34,  35 ,  38 ,  and 41.  ( 2 )  Contac t s  w i t h  i n d i v i d u a l  e n g i n e e r s  and 
s c i e n t i s t s  a t  NASA Research Cente r s  w i l l  be i n i t i a t e d  by t h e  TATeam i n  o r d e r  
t o  enhance t h e  f low of in format ion  from NASA c e n t e r s  i n t o  t h e  a r e a  o f  a i r  
p o l l u t i o n  c o n t r o l .  I n  p a r t i c u l a r ,  emphasis w i l l  be placed upon t h e  fo l lowing  
s p e c i f i c  problems: RTI/AP-23, 33,  34,  38.  ( 3 )  An i n i t i a l  a n a l y s i s  o f  t h e  
amount o f  e f f o r t  r e q u i r e d  i n  each  phase  of t h e  t r a n s f e r  p r o c e s s  i n  t h e  a r e a  
o f  a i r  p o l l u t i o n  c o n t r o l  w i l l  be performed. ( 4 )  A formal  p r o j e c t  review 
w i l l  be s e t  up n e a r  t h e  end of t h e  n e x t  c o n t r a c t  q u a r t e r .  I t  i s  planned 
t h a t  r e p r e s e n t a t i v e s  o f  t h e  O f f i c e  o f  Sc ience  and Technology of NAPCA and 
t h e  Technology U t i l i z a t i o n  D i v i s i o n  o f  NASA w i l l  be  p r e s e n t .  
A P P E N D I X  A 
A C T I V E  PROBLiEMS 
ACTIVE PROBLEMS 
Problem Number T i t l e  
P
RTI /AP- 1" 
RTI IAP- 27k 
RTI /AP- 3" 
RTI IAP- 49: 
RTI /AP- 5" 
RTI /AP- 6 
RTI /AP- 7 
RTI /AP- 8 
RTI IAP- 9 
RTI /AP- 11" 
RTI /AP- 12 
RTI /AP- 13 
RTI /AP- 14 
RTI /AP- 15 
RTI /AP- 16 
RTI /AP- 17 
RTI /AP- 18 
RTI /AP- 19 
Human Performance T e s t  
Remote Temperature Sens ing  Technique i n  t h e  
Lower 2 K i  lome t e r s  o f  t h e  Atmosphere 
Remote Wind Vec to r  Sens ing  Technique i n  t h e  
Lower 2 Ki lomete r s  o f  t h e  Atmosphere 
Long-Term Geophys ica l  E f f e c t s  of  Carbon Dioxide  
( GO2 
Long-Term Geophysical  E f f e c t s  of  P a r t i c u l a t e s  
from 0 . 2  t o  0 . 5  Microns i n  S i z e  
Odor C l a s s i f i c a t i o n  and I d e n t i f i c a t i o n  
Development o f  Advanced P o l l u t a n t  Sensor  f o r  T o t a l  
Oxides of  N i t r o g e n  NOX (NO + NO2 + N2 O4 + . . . )  
Development o f  Advanced P o l l u t a n t  Sensor  f o r  
Ni t rogen  Dioxide  
Development o f  Advanced P o l l u t a n t  Sensor  f o r  
N i t r i c  Oxide 
Development o f  Advanced P o l l u t a n t  Sensor  f o r  
Methane 
Development o f  Advanced P o l l u t a n t  Sensor  f o r  
S02 
Development o f  Advanced P o l l u t a n t  Sensor  f o r  Arsen ic  
Development of Advanced P o l l u t a n t  Sensor  f o r  
Bery l l ium 
Development o f  Advanced P o l l u t a n t  Sensor  f o r  Mercury 
Development o f  Advanced P o l l u t a n t  Sensor  f o r  Nicke l  
Development o f  Advanced P o l l u t a n t  Sensor  f o r  Ammonia 
Development o f  Advanced P o l l u t a n t  Sensor  f o r  
Carcinogens 
Development o f  Advanced P o l l u t a n t  Sensor  f o r  Ch lor ine  
D e v e l ~ p m e n t  o f  Advanced P o l l u t a n t  Sensor  f o r  
Hydrogen S u l f i d e  
RTI /AP- 20 Development o f  Advanced Po L l u t a n t  Sensor  f o r  Vanadium 
+:Problem S ta tements  have been p repared  and c i r c u l a t e d  t o  NASA Research C e n t e r s .  
T i t l e  Prob lem Number 
RTI /AP- 2 1 
RTI /AP- 22,'; 
RTI /AP- 23 
RTI /AP- 24 
RTI /AP- 25;k 
RTI /AP- 2 69: 
RTI /AP- 2 7* 
RTI /AP- 2 85: 
RTI /AP- 29* 
RTI /AP- 30* 
RTI /AP- 3 19: 
RTI /AP- 32* 
RTI /AP- 339: 
RTI /AP- 34 
RTI /AP- 35* 
RTI /AP- 3 6 
RTI /AP- 375: 
RTI /AP- 38* 
RTI /AP- 399: 
RTI /AP-40 
RTI /AP- 4 1 
Development o f  Advanced P o l l u t a n t  Sensor  f o r  
D e t e c t i o n  o f  Ozone 
Development o f  Advanced P o l l u t a n t  Sensor  f o r  
(Br -, C1 -, F -, I -)  
Development o f  Advanced P o l l u t a n t  Sensor  f o r  
Lead 
Development o f  Advanced P o l l u t a n t  Sensor  f o r  
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P O T E N T I A L  T R A N S F E R  R E P O R T  
RTI /AP- 1 
"Automobile D r i v e r s  Performance Tes t'" 
D r .  C a r l  Shy 
N a t i o n a l  A i r  P o l l u t i o n  C o n t r o l  A d m i n i s t r a t i o n  
Team Member -. D r .  F. Thomas Wooten 
Problem Acquired - A p r i l  1969 
Elapsed Time - Seven months 
The N a t i o n a l  A i r  P o l l u t i o n  C o n t r o l  A d m i n i s t r a t i o n  h a s  a  g e n e r a l  i n t e r e s t  
i n  t h e  e f f e c t s  o f  a i r  p o l l u t a n t s  on l a r g e  numbers o f  p e o p l e .  Some o f  the  
major  p o l l u t a n t s  o f  i n t e r e s t  a r e  carbon monoxide (CO), ozone ( 0 3 ) ,  end t h e  
o x i d e s  o f  n i t r o g e n  (NO, NO2). The e f f e c t  o f  t h e s e  p o l l u t a n t s  on t h e  human 
chemica l  phys io logy  h a s  been measured t o  a  s a t i s f a c t o r y  d e g r e e .  There i s ,  
however,  o n l y  l i m i t e d  knowledge o f  t h e  e f f e c t s  o f  p o l l u t a n t s  on human 
performance.  
One o f  t h e  performance f u n c t i o n s  t h a t  a f f e c t s  n e a r l y  e v e r y  person i n  
t h i s  c o u n t r y  r e l a t e s  t o  automobi le  d r i v i n g .  The automobi le  d r i v e r  i s  exposed 
t o  v a r i o u s  t y p e s  o f  a i r  p o l l u t a n t s .  Carbon monoxide, one o f  t h e  most common 
p o l l u t a n t s ,  can r e a c h  a  l e v e l  o f  50 ppm on busy f reeways .  These p o l l u t a n t s  
a r e  assumed t o  degrade  automobi le  d r i v e r  performance,  b u t  q u a n t i t a t i v e  t e s t s  
a r e  needed t o  de te rmine  t h e  degree  o f  d e g r a d a t i o n .  The pr imary reason  f o r  
observed e f f e c t s  i s  t h a t  t h e s e  p o l l u t a n t s  c a u s e  anoxia  ( i . e . ,  dec reased  s u p p l y  
o f  oxygen t o  t h e  body) ;  one symptom of  anoxia  i s  s l e e p i n e s s .  
A number o f  performance t e s t s ,  i n c l u d i n g  a u t i  t o r y  d i s c r i m i n a  t i o n ,  t ime 
e s t i m a t i o n ,  v i s u a l  l i n e  s e p a r a t i o n ,  minimum d e t e c t a b l e  l i g h t  i n t e n s i t y ,  and 
c o l o r  matching have been used i n  e v a l u a t i n g  d r i v e r  performance.  However, t h e  
r e s e a r c h e r  f e e l s  t h a t  t h e s e  t e s t s  e s t a b l i s h  o n l y  b a s e l i n e  o r  r e s t i n g  c o n d i t i o n  
d a t a .  T e s t s  a r e  d e s i r e d  t h a t  i n c l u d e  a  s t r e s s  l e v e l  d u r i n g  t h e  t e s t  where 
f a t i g u e  and boredom a r e  s t r e s s  f a c t o r s .  
A performance t e s t  i s  needed t o  de te rmine  t h e  e f f e c t s  of s i r  p o l l u t a n t s  
(CO, 03? N O ,  NO2) on p h y s i c a l  a b i l i t y ,  a l e r t n e s s ,  and v i g i l a n c e  of  e u t a m b i l e  
d r i v e r s .  I n h a l a t i o n  o f  s p e c i f i c  c o n c e n t r a t i o n s  o f  p o l l u t a n t s  i s  r e q u i r e d  
d u r i n g  t h e  t e s t s .  The t e s t  should a l s o  a l low f o r  t h e  i n t r o d u c t i o n  of d i s c r e t e  
l e v e l s  o f  boredom and f a t i g u e .  
The s o l u t i o n  i s  a  complex c o o r d i n a t i o n  t e s t e r  developed by NASA f o r  
measur ing p h y s i o l o g i c a l  changes due t o  t o x i c i t y ,  phys io log icaL o r  gsycholog- 
i c a l  s t r e s s  i n  long d u r a t i o n ,  c losed  environment t e s t s .  The u n i t  i s  a s e l f -  
paced s e r i a l  r e a c t i o n  complex c o o r d i n a t o r  psychomotor performance t e s t e r  t h a t  
p r e s e n t s  a  s e r i e s  of l i g h t  d i s p l a y s  t h a t  must be  arranged i n  a  p a r t i c u l a r  
p a t t e r n  by f o u r  limb c o n t r o l s ,  one f o r  each hand and f o o t .  
Thus, a  t e s t  i s  presented--one new problem b e i n g  p resen ted  a f t e r  the  
complet ion o f  each answer ( s e r i a l  r e a c t i o n ) ; e a c h  new problem o n l y  be ing  
p r e s e n t e d  a f t e r  t h e  s u c c e s s f u l  conngletion o f  t h e  p r e v i o u s  one ( s e l f - p a c e d ) ;  
each  problem f o r  ~ ~ c ~ e s s f u l  complet ion i n v o l v e s  t h e  c o r r e c t  pos i . t ion ing  of a l l  
f o u r  limb c o n t r o l s  (complex c o o r d i n a t i o n ) ;  t h e  a b i l i t y  t o  s e e  t h e  combinat ions  
o f  problem l i g h t s  and t o  de te rmine  t h e  c o r r e c t  a c t i o n  w i t h  t h e  limb c o n t r o l s  
(psychomotor performance) .  
S u c c e s s f u l  Search  Method 
The p o t e n t i a l  s o l u t i o n  t o  t h i s  problem was i d e n t i f i e d  a s  a  r e s u l t  s f  
c i r c u l a t i n g  t h e  problem s t a t e m e n t  t o  NASA F i e l d  C e n t e r s .  D r .  James Scow o f  
NASA's Langley Research Cente r  (LWC), Hanrpton, V i r g i n i a ,  c o n t a c t e d  t h e  RTI 
Biomedical  A p p l i c a t i o n  Team through M r .  John Samos, Technology U t i l i z a t i o n  
O f f i c e r ,  LRC, t o  s u g g e s t  t h a t  t h e  complex c o o r d i n a t o r  developed f o r  NASA 
r e p r e s e n t e d  a  s o l u t i o n .  
I n  a d d i t i o n  t o  t h e  s o l u t i o n  ob ta ined  from LRC, D r .  Shy i s  s t i l l  e v a l u a t i n g  
t h e  r e s u l t s  o f  computer s e a r c h  No. 1656 performed by t h e  Sc ience  and Technology 
Research Cente r  o f  t h e  North  Caro l ina  Board of Sc ience  and Technology--one o f  
NASA's Regional  Dissemina t ion  C e n t e r s ,  So f a r  22 documents which a r e  r e l e v a n t  
t o  t h e  problem have been ob ta ined  by D r .  Shy, 
B e n e f i t s  t o  be Derived from Trensf  e r  
The Complex Coord ina to r  w i l l  ensb be NAPCA t o  eva Luete q u a n t i t a t i v e l y  t h e  
e f f e c t  o f  t h e  most c o m o n  a i r  p o l l u t a n t s  on t h e  a b i i i r y  o f  automobi le  d r i v e r s .  
This  e v a l u a t i o n  w i l l  de te rmine  i f  a i r  p o l l u t a n t s  s i g n i f i c a n t l y  degrade d r i v e r  
and,  i n  t u r n  cause  a s i g n i f i c a n t  number o f  highway d e a t h s .  The 
highway d e a t h  t o l l  i s  now g r e a t e r  than  50,000 peop le  p e r  y e a r .  
T R A N S F E R  R E P O R T  
RTZ /AP- 2 8 
"improvement i n  A d s o r p t i o n  and A b s o r p t i o n  Techn iques  
F o r  Removing P o l l u t a n t s  f rom C a r r i e r  Gas S t r eams  
Could b e  B e n e f i c i a l  t o  A i r  P o l l u t i o n  C o n t r o l "  
Joshua  S .  Bowen, NAPCA 
Team Member - D r .  L.  F .  B a l l a r d  
P rob lem Acquired  - A p r i l  2 2 ,  1969 
T r a n s f e r  Made - O c t o b e r  1, 1969 
E l a p s e d  Time - F i v e  months 
The p o t e n t i a l  u s e  o f  a d s o r p t i o n  and a b s o r p t i o n  t e c h n i q u e s  f o r  removing 
p o l l u t a n t s  f rom c a r r i e r  g a s  s t r e a m s  h a s  n o t  been  f u l l y  c a p i t a l i z e d ,  A d s o r p t i o n  
i s  c u r r e n t l y  used  i n  a i r  p o l l u t i o n  c o n t r o l ,  m a i n l y  on r e l a t i v e l y  s m a l l  volumes 
o f  e f f l u e n t  g a s .  The u s e  o f  a c t i v a t e d  c a r b o n ,  one  o f  t h e  b e s t  a d s o r b e n t s ,  i s  
s e r i o u s l y  r e s t r i c t e d  a t  e l e v a t e d  t e m p e r a t u r e  b e c a u s e  i t  i s  s u b j e c t  t o  spon- 
t a n e o u s  combust ion .  A d s o r p t i o n  ~ i i t h  accompanying c h e m i c a l  r e a c t i o n s  by 
v a r i o u s  t y p e s  o f  s o l u t i o n s  i s  p r o m i s i n g  i n  many a r e a s .  
Examples o f  needed improvements a r e  b e t t e r  a d s o r b e n t s  and a d s o r b i n g  
s o l u t i o n s  f o r  s p e c i f i c  compounds, and b e t t e r  e f f i c i e n c y  f rom m a n i p u l a t i o n  o f  
t e m p e r a t u r e ,  p r e s s u r e ,  o r  c o n t a c t  a r e a  (geomet ry ) .  S p e c i f i c  p o l l u t a n t s  o f  
m a j o r  i n t e r e s t  a r e  s u l f u r  compounds, o x i d e s  o f  n i t r o g e n ,  o r g a n i c s ,  and o x i d e s  
o f  c a r b o n .  
NAPCA e n g i n e e r ,  Joshua  S .  Bowen, i s  c u r r e n t l y  c o n d u c t i n g  a  dead -burn ing  
t e s t  methods p rog ram i n  C i n c i n n a t i .  A p a p e r  b y  Yoshio  Ohno e n t i t l e d ,  "The 
D i r e c t  A d s o r p t i o n  o f  CO2 by Qu ick l ime , "  which was i n c l u d e d  i n  b i b l i o g r a p h y  
No. 1707,  a a s  found t o  b e  o f  s i g n i f i c a n t  v a l u e  t o  t h i s  program.  I t s  i m p o r t a n c e  
i n  NAPCA's r e s e a r c h  i s  i n d i c a t e d  by  t h e  f o l l o w i n g  e x c e r p t  o f  a  memorandum f rom 
D .  6 .  Drehmel t o  Joshua  S .  Bowen: 
"In Ohno's e x p e r i m e n t ,  l i m e s t o n e  p a r t i c l e s  30-40 m, i n  s i z e  
were h e a t e d  t o  930, 1000,  1160, 1200, 1 3 0 0 ' ~  a t  6 0 ° ~ / m i n .  T o t a l  
c a l c i n a t i o n  t ime % a s  t h r e e  h o u r s .  These sarnples c e r e  exposed t o  CU2 
a t  6 0 0 O ~ ,  I  a tm .  , 0 , 3 = 0 , 5  L i t e r s /mkn .  and t he  c e i g h t  n a s  moni tored  a s  
a  f u n c t i o n  o f  exposure t ime.  Ohno found t h a t  t h e  a d s o r p t i o n  r o s e  
r a p i d l y  w i t h  t ime and was n e a r l y  c o n s t a n t  a f t e r  20 minu tes .  A t  30 
minutes  exposure ,  t h e  a d s o r p t i o n  dropped w i t h  i n c r e a s i n g  c a l c i n -  
a t i o n  t empera tu re ;  t h e  l a r g e s t  drop b e i n g  f o r  c a l c i n a t i o n  
t empera tu res  from 930 t o  11000C. Comparison o f  t h e s e  d a t a  and d a t a  
ob ta ined  w i t h i n  NAPCA was a t tempted by s e t t i n g  t h e  a b s o r p t i o n  f o r  
t h e  1700°F c a l c i n e  a t  one hundred p e r c e n t .  The r e s u l t  . . . i n d i -  
c a t e s  good agreement between t h e s e  sources  even though t h e  exposure  
c o n d i t i o n s  a r e  somewhat d i s s i m i l a r .  The s h a r p  perhaps  d i s c o n t i n u o u s  
drop a t  19000F i s  a t t r i b u t e d  by Ohno t o  s h r i n k i n g ,  m e l t i n g ,  and 
f u s i n g  of t h e  c r y s t a l s ,  the reby  o b s t r u c t i n g  t h e  p e n e t r a t i o n  of C 0 2 .  
Th i s  i s  s u b s t a n t i a t e d  by t h e  f i n d i n g  t h a t  i n t e r i o r  a d s o r p t i o n  i s  
much l e s s  t h a n  e x t e r i o r  a d s o r p t i o n  o n l y  above l9000F. 
"Ohno concluded t h a t  i n  any e v e n t ,  CaO a d s o r p t i o n  o f  C02 prov ides  
a  means by which t h e  chemical  a c t i v i t y  o f  CaO may b e  measured. It 
i s  b e l i e v e d  . . . exper imenta l  methodology need n o t  be l i m i t e d  t o  
t h e  p a s t  method o f  de te rmin ing  a c t i v i t y  on t h e  b a s i s  o f  h y d r a t i o n .  
Th is  conc lus ion  i s  of  g r e a t  s i g n i f i c a n c e  s i n c e  a d s o r p t i o n  of GO2 by 
CaO i s  p r e s e n t l y  t h e  most promising c a n d i d a t e  f o r  a  dead-burning 
t e s t  method. " 
RDC computer s e a r c h  o f  ae rospace  l i t e r a t u r e .  
Benef i,ts, , t o  be Derived, froom .Tran.sfe,r 
S ince  a d s o r p t i o n  o f  CO2 by calc ium ox ide  CaO is  p r e s e n t l y  t h e  most 
promising c a n d i d a t e  f o r  a dead-burning t e s t  method, t h e  a v a i l a b i l i t y  of t h e  
work o f  Yoshio Ohno i s  o f  g r e a t  s i g n i f i c a n c e .  Agreement o f  t h e  exper imenta l  
r e s u l t s  t h a t  were accomplished independen t ly  wi th  those  produced i n  somewhat 
d i f f e r e n t  c i rcumstances  givesadded conf idence  i n  t h e  c u r r e n t  i n t e r p r e t a t i o n  o f  
r e s e e r c h  d a t a ,  The a d d i t i o n a l  conc lus ions  i n d i c a t e  p o s s i b l e  s h o r t c u t s  i n  
p r e s e n t  o p e r a t i o n a l  t e c h n i q u e s .  I n  r e a l  terms t h i s  t r a n s f e r  h a s  r e s u l t e d  i n  a  
s a v i n g s  i n  time and r e s o u r c e s ,  
T R A N S F E R  R E P O R T  
KT1 /AP- 2 1 
"Development of  Advanced P o l l u t a n t  Sensor  f o r  Ozone" 
Rober t  K .  S t e v e n s ,  NAPCA 
Team Member - D r .  J. J ,  Wortman 
Problem Acquired - Aprkl 25, 1969 
T r a n s f e r  Made - August 27,  1969 
Elapsed Time - Four months 
Ozone i s  one o f  t h e  major  a i r  p o l l u t a n t s  i n  urban environments .  I n  
a d d i t i o n  t o  i t s  g e n e r a t i o n  i n  t h e  upper  a tmosphere ,  i t  i s  pho tochemica l ly  
produced by the  r e ~ c t i o n  of  c e r t a i n  hydrocarbons w i t h  n i t r o g e n  d i o x i d e  i n  
t h e  p r e s e n c e  o f  s u n l i g h t .  T h i s  compound has  d e t r i m e n t a l  e f f e c t s  on p l a n t s  
and m a t e r i a l s  and i s  a  p o t e n t i a l  h e a l t h  haza rd .  An advanced s e n s o r  t h a t  i s  
s p e c i f i c  f o r  ozone and c a p a b l e  o f  measuring i t s  c o n c e n t r a t i o n  i n  ambient a i r  
i s  needed.  Th i s  i n f o r m a t i o n  i s  p a r t i c u l a r l y  u s e f u l  i n  de te rmin ing  t h e  
r e l a t i o n s h i p  between smog fo rmat ion  and ozone c o n c e n t r a t i o n .  
T r a d i t i o n a l l y ,  ozone h a s  been measured a s  t o t a l  o x i d a n t  by t h e  f o l l o w i n g  
t e c h n i q u e s :  ( 1 )  s p e c t r o p h o t o m e t r i c  ( n e u t r a l  b u f f e r e d  K I  method) and ( 2 )  
c o u l o m e t r i c  (Brewer-Mast). N e i t h e r  o f  t h e s e  t echn iques  i s  s p e c i f i c  f o r  ozone.  
A chemiluminescent t echn ique  (Regener)  t h a t  i s  more s p e c i f i c  f o r  ozone has  
been used and i s  c u r r e n t l y  under  development.  
The g o a l  of c u r r e n t  r e s e a r c h  i s  an ozone s e n s o r  t h a t  i s  h i g h l y  s p e c i f i c  
w i t h  a measurement range between 1 ppb and 1 ppm and w i t h  a  d e s i r e d  accuracy  
-!- 
of  -5  p e r c e n t .  
I n  t h e  development o f  a n a l y t i c a l  i n s t r u m e n t a t i o n ,  many d i f f e r e n t  t echn iques  
must  be i n v e s t i g a t e d .  Cons ide rab le  s e a r c h  t ime and money a r e  devoted t o  
d e t e r m i n i n g  t h e  t echn ique  t h a t  i s  most d e s i r a b l e  f o r  s p e c i f i c  a p p l i c a t i o n .  The 
l i t e r a t u r e  on ozone inc luded  comparisons o f  a Brewer-Mast, a  Regener,  and s 
c o u l o m e t r i c  i n s t r u m e n t .  I n  a d d i t i o n  t o  v e r i f y i n g  some o f  t h e  NAPCA r e s e a r c h ,  
t h e  l i t e r a t u r e  inc luded  add i  t i o n a  1 comparat ive  d a t a  on a v a i l a b l e  i n s t r u m e n t a t i o n ,  
S p e c i f i c a l l y ,  t h e  document used was 869-13931 i n  s e a r c h  No. 1756. 
Computer s e a r c h  o f  a e r o s p a c e  L i t e r a t u r e .  
B e n e f i t s  t o  b e  Der ived  f rom T r a n s f e r  
The i n f o r m a t i o n  o b t a i n e d  i n  t h e  l i t e r a t u r e  s e a r c h  had immedia te  v a l u e  t o  
t h e  NAPCA r e s e a r c h e r s .  Through t h e  p r o v i s i o n  o f  a d d i t i o n a l  d a t a  and t h e  v e r i -  
f i c a t i o n  and s u p p o r t  o f  c u r r e n t  work,  t h e  ozone  r e s e a r c h  e f f o r t  r e c e i v e d  added 
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c u r r e n t  r e s e a r c h ,  
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A r a p i d  t echn ique  f o r  measur ing t h e  s i z e  and c o n c e n t r a t i o n  o f  a i r b o r n e  
p a r t i c u l a t e s  i s  needed.  O r i g i n a t i n g  i n  a  wide v a r i e t y  o f  i n d u s t r i a l  and 
n a t u r a l  p r o c e s s e s ,  t h i s  p a r t i c u l a t e  m a t t e r  i s  a  major a i r  p o l l u t i o n  problem. 
The r e s e a r c h e r  d e s i r e s  t o  measure t h e  c o n c e n t r a t i o n  and s i z e  o f  t h e s e  p a r t i c l e s  
w i t h  s u f f i c i e n t  speed t o  e n a b l e  c o n t r o l  o f  t h e i r  emiss ion .  t echn iques  
a r e  p r e f e r r e d ,  b u t  a  r a p i d  p rocedure  f o r  measuring e x t r a c t e d  samples would a l s o  
b e  o f  v a l u e .  S e v e r a l  t echn iques  a r e  c u r r e n t l y  i n  u s e .  I n  one t echn ique  a  
sample o f  p a r t i c u l a t e  m a t t e r  i s  c o l l e c t e d  on an a d h e s i v e  s u r f a c e ;  t h e  p a r t i c l e  
s i z e  and d e n s i t y  a r e  then  o b t a i n e d  p h o t o g r a p h i c a l l y  o r  by v i s u a l  i n s p e c t i o n  
under  a  microscope.  Another t echn ique  i n v o l v e s  c o l l e c t i n g  p a r t i c l e s  i n  a  
l i q u i d  v e h i c l e  t h a t  i s  moni tored by c a p a c i t a n c e  changes i n  a  s m a l l  o r i f i c e .  
O p t i c a l  p a r t i c l e  a n a l y z e r s  have been developed f o r  l i m i t e d  u s e  and t h e  
technology o f  h o l o g r a p h i c  t echn iques  i s  expanding r a p i d l y .  Although X-ray 
and b e t a  a b s o r p t i o n  t echn iques  a r e  a v a i l a b l e  f o r  d e t e r m i n i n g  t o t a l  mess d e n s i t y ,  
p r e s e n t  i n s t r u m e n t a t i o n  i s  i n a d e q u a t e  f o r  moni to r ing  p a r t i c l e  d i a m e t e r s  over  
t h e  range o f  0 . 1  t o  10 microns  w i t h  a  c o n c e n t r a t i o n  up t o  lo8 p e r  c u b i c  f o o t .  
P o t e n t i a l  S o l u t i o n  
In fo rmat ion  s e a r c h  No. 1746 i n  t h i s  problem a r e a  d i s c l o s e d  s e v e r a l  i n s t r u -  
ments and t e c h n i q u e s  t h a t  s a t i s f i e d  c e r t a i n  p a r t s  o f  t h e  s p e c i f i c a t i o n s ,  One 
document i d e n t i f i e d  an i n s t r u m e n t  developed a t  the  U n i v e r s i t y  of Minnesota t h a t  i s  
c a p a b l e  o f  measur ing p a r t i c l e  d i a m e t e r s  of 0, OOL eo 10 m i c r o n s ,  Loading 
s p e c i f i c a t i o n s  o f  1@ p e r  c u b i c  f o o t ,  however, were not  o b t a i n e d .  To achieve 
t h e  wide range  of d i a m e t e r s ,  the  i n s t r u m e n t  used s eonlbination of t h r ee  
t echn iques :  condensa t jon  n u c l e i ,  a L i g h t  s c a t t e r i n g  c o u n t e r ,  an4 a n  electrica? 
p a r t i c l e  counter .  A p o t e n t i a l  s o l u t i o n  t o  t he  problem i s  a  combination of  a  
d i l u t i o n  technique with t h e  descr ibed instrument  t o  a l l o x  f o r  a p a r t i c l e  
loading of 108 p e r  cubic  f o o t .  
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